Spores of Clostridium sp. Ni are characterized by numerous broad ribbon-like appendages attached to one end. The appendages are two to three times the length of the spore and, at their maximal dimension, may be two-thirds the width of the spore. They are attached to the spore body by a common trunk which is continuous with the outer spore coat. Each appendage is a multilayered structure and is enclosed in an amorphous material. Details of spore and appendage formation are described, and appendage ultrastructural features are presented. The function of the appendages is not known.
protuberances nor appendages had been reported prior to the recent papers by Krasil'nikov, Duda, and Sokolov (10-12). These Russian workers described for soil clostridia elaborate spore protuberances which were sufficiently prominent and varied to be considered taxonomically significant. More recently, Hodgkiss and Ordal (6) described multiple tubular appendages radiating from the surface of Clostridium botulinum type E spores.
Although the Clostridium which we have examined in the present work was obtained from V. I. Duda, it appears that this organism (Clostridium sp. N1) may not Growth and spore production. Brain Heart Infusion (Difco), pH 7.4, supplemented with 500 ,ug of sodium thioglycolate per ml and 1.5% agar (Difco), was used for growth and spore production. Petri plates were surface-inoculated and incubated at 30 C in desiccators over wet oats to provide the anaerobic environment. Sporulation was abundant in 6 days. Spore crops, free from vegetative cells, were obtained by conventional procedures of differential centrifugation and repeated washing with demineralized water (15) . Spores were stored in demineralized water at 4 C. Germination did not occur under these conditions.
Spore treatmenits. In certain cases, spore suspensions were treated to achieve particular objectives prior to electron microscope study.
Appendages were removed from free spores by sonic treatment with a Branson-Sonifier (model S-75). The spores were chilled in an ice bath during successive 30-sec treatments until the desired results were obtained. Preliminary appraisal of appendage removal was by phase-contrast microscopy; conclusive appraisal was by electron microscopy.
Spores, stripped of appendages and coat structures, were prepared by treatment with 0.1% sodium hypochlorite for periods up to 30 min at 37 C. A different effect of sodium hypochlorite on Bacillus megaterium spores has been described (16) .
The effects of the proteolytic enzyme, Pronase, and of lysozyme and of ribonuclease on free spores, in particular on the integrity of the appendages, were studied in phosphate buffer (0.016 M, pH 7). In each case, enzyme concentrations were 50 ,ug/ml and incubation was at 37 C for periods up to 6 hr. Appraisals of enzyme effects were by phase-contrast and electron microscopy.
Specimeni preparationi for electron microscopy.
Specimens were examined as carbon replicas, as thin sections, or directly with a negative stain. For preparation of replicas, spore specimens were placed on squares of freshly cleaved mica, allowed to dry, and shadowed with platinum at 35 to 45°. The specimens were then coated with carbon, and the carbon films, removed from the mica by flotation onto water, were treated overnight with 0.5% sodium hypochlorite to remove the cellular material. After thorough washing with demineralized water, the carbon replica films (replicas) were transferred to copper grids for examination (16) .
Specimens for thin sectioning were, in most cases, fixed for 1 to 3 hr at room temperature in 2% glu-1160 APPENDAGES OF CLOSTRIDIUM SPORES taraldehyde (17) at pH 6.1 in Kellenberger's Veronal acetate buffer (9) . After five rinses in distilled water, specimens were postfixed at room temperature in 1% osmium tetroxide buffered at pH 6.1 with the same buffer. After 2 hr, the cells were rinsed five times in distilled water and placed in 0.5% uranyl acetate, at 4 C for 6 hr. At the end of this period, they were rinsed twice in distilled water and dehydrated in an ethyl alcohol series at 4 C. The ethyl alcohol was replaced by acetone, and the cells were returned to room temperature and embedded in Mollenhauer's plastic I (13) at 60 C. In one case (Fig. 24) , a fixative containing 2% glutaraldehyde and 2% acrolein buffered at pH 6.1 in 0.1 M S-collidine buffer containing 0.68% NaCl and 0.11% CaCl2 was used. This fixative replaced the 2% glutaraldehyde used in the previous procedure. Sections were cut on a Sorval Porter Blum MT-1 microtome with a diamond knife. All sections were stained for 4 to 8 min with 0.5% uranyl acetate, then 1 to 2 min with Reynolds' lead citrate (14) .
For negative staining, appendage specimens on Formvar films were permitted to dry partially; then a drop of 2% ammonium molybdate (pH 8.1) was placed on the grid and the excess stain was removed by selective blotting with filter paper to provide a gradient on the grid. When dry, the preparations were ready for examination.
Electron microscopy. Specimens were viewed with an RCA EMU-3G electron microscope equipped with a double condenser, an objective aperture of approximately 30 ,u, and an accelerating voltage of 100 kv. Initial magnifications were 5,000 to 43,000 times, and micrographs were taken on Dupont Cronar Ortho S Litho film.
RESULTS
Organism. Vegetative cells of Clostridium sp. NI, taken from isolated colonies developing on Brain Heart Infusion plates, and viewed under phase-contrast illumination, varied markedly in size, in both length and width. Cells from young cultures were gram-positive, and many showed marked cytoplasmic granulation. Although the granules did not stain readily with Sudan Black B (4), they persisted throughout the sodium hypochlorite treatment of Williamson and Wilkinson (18) and are presumed to be lipid granules.
Refractile spores were formed terminally and sporangia were not swollen. Spores, like the vegetative cells, were variable in size (see Fig.  2-11 ). As the spores became free, they retained, attached to one end, packets which appeared to have a diagonal surface pattern. Upon thorough washing or prolonged incubation, these packets separated into numerous individual appendages which then, in wet mount preparations, radiated outward from the spore body. Individual appendages were visible with oil immersion objective and phase-contrast illumination Growth Electron microscopy. The mature, free spore of Clostridium sp. NI is oval. A typical spore ( Fig. 1 ) is approximately 2.2 ,u long and 1.3 ,u wide, and has a rough surface. Numerous ribbonlike appendages are attached to one end of the spore. The appendages are smooth on one surface and striated on the other. They are relatively thin, may be two to three times the length of the spore body, and are quite wide (as much as 0.8 ,u) at the end distal to the attachment site. The attachment site is obscured in replicas of untreated spores (Fig. 1) .
Considerable information concerning the sporulation process and the release of the mature spore from the sporangium was obtained with replicas ( Fig. 2-11 ). The vegetative cell is peritrichously flagellated (Fig. 2) and, upon sporulation, the spore may be detected as an elevated (rigid) body occupying a terminal position within the sporangium ( Fig. 3 and 4) . Appendages are not visible by the replica technique at this stage. However, as the vegetative cell portion undergoes disintegration, the spore body is freed from its sporangial enclosure ( Fig. 5 ) and the appendages become progressively visible as spirally arranged ribbons which seemingly occupy much of the sporangial space not occupied by the spore body itself ( Fig. 5-8 ).
When the spore and appendages are completely free, the appendages maintain their spiral orientation for a time (Fig. 9) , and then become arranged as a tuft of parallel ribbons (Fig. 10) . Eventually, the individual appendages separate in a characteristic flared arrangement (Fig. 11) .
A study of the sporulation process and appendage formation in thin sections provided additional information (Fig. 12-19 in an electron transparent substance which separated them from one another ( Fig. 19 ; see below).
Cross sections through sporangia at the level of the spore body revealed nothing unusual. An outer coat, middle coat, inner coat, cortex, and spore wall were demonstrable (Fig. 20) . No appendages were present at this level. Other cross sections through sporangia at the trunk level indicated that appendages were not continuous with the trunk over its entire length (Fig. 21) . Cross sections through sporangia at a level distal to the spore body and trunk demonstrated that appendages were distributed through the sporangial cytoplasm (Fig. 22) .
The outermost appendages within the sporangium lay in close proximity to the cell wall, but were separated from it by a thin layer of cytoplasm. A cytoplasmic membrane has not been observed. Underlying layers of appendages were spaced closely ( Fig. 23-24 ). The appendages radiated outward in spiral fashion from the trunk (Fig. 24) , the trunk was continuous with the outer spore coat (Fig. 25) , and the appendages curved upward from their trunk attachment (Fig. 25) . A bulbous structure, located beneath the site of appendage attachment, appeared to be an integral part of the trunk (Fig. 25) .
Each appendage was enclosed in an amorphous material approximately 300 to 400 A thick (Fig.  26) . The appendage is a multilayered structure which presents a different pattern in longitudinal section and cross section (Fig. 27-30) . One appendage surface is smooth, and this is oriented toward the sporangial cell wall (Fig. 28 and 29) . The other surface is very irregular (Fig. 27-29) , which accounts for the striated appearance of replicas of the ribbon-like appendages (Fig. 1) . Structural details of an appendage in longitudinal section and in cross section are depicted in Fig.  30 . Direct demonstration of the spherical subunits depicted in Fig. 30B has not been accomplished, but this interpretation seems preferable to an alternative hypothesis that the structure is indeed honeycomb in nature.
Appendages were removed from the spore body by sonic treatment. The native state of the trunk was thereby revealed (replicas) to be bulbous ( Fig. 31 and 32) . Appendages removed by sonic treatment were often intact, and were frequently characterized by a hook at the end proximal to the trunk attachment and by a 900 twist adjacent to this hook (Fig. 33) . The appendages are presumed, therefore, to be somewhat rigid in the region proximal to trunk attachment. By contrast, the distal and broader regions of the appendages appeared to be flexible as evidenced by a marked tendency to fold (Fig. 1, 11, 34) .
Details of the appendage at its point of attachment to the trunk are visible in Fig. 34 . The distal margin of the appendages is very irregular. The ultrastructural repeating patterns of appendages were visualized with negative stains (Fig. 35 ) in spite of their multilayered structure (Fig. 27,  28, and 29) .
Additional features were revealed by treating spores with 0.1 % sodium hypochlorite. Short exposure (5 min) caused the trunk and appendages to lose rigidity and become flaccid. This permitted a good view of the trunk in an expanded condition and of the appendage attachment sites (Fig. 36) . More prolonged treatment with 0.1 % sodium hypochlorite (20 min) resulted in dissolution and loss of the spore coats and appendages. Such "stripped" spores were smooth (Fig. 37) . Thin sections revealed that the coats and appendages had been selectively removed, that the cortex was now the outermost structure, and that the spore wall and central body were well preserved (Fig. 38) . Such spores did not, however, contain dipicolinic acid.
DIscussIoN
The chemical nature of the appendages is not known. They are unaffected by Pronase, by lysozyme, or by ribonuclease; such enzyme-treated spores, viewed as replicas, appear structurally unaltered. Relatively pure preparations of free appendages, judged by electron microscopic appearance, have been prepared. Crude spore suspensions were freed from much of the contaminating vegetative debris by sequential treatment with Pronase, lysozyme and ribonuclease, followed by thorough washing with demineralized water. After sonic treatment, which did not affect the spore body, the removed appendages were readily separable from the spore bodies by differential centrifugation. Chemical studies of such appendage preparations are planned.
The apparent selective removal of coats and appendages by treatment with dilute sodium hypochlorite solutions requires additional study. Although the smooth spores which result from this treatment lack dipicolinic acid, the possibility has not been excluded that appropriate modifications of the treatment may yield spores devoid of coat and appendage structures but still possessing dipicolinic acid. Such studies could yield information concerning the localization of dipicolinic acid in bacterial spores.
No systematic germination studies have been carried out. The spores do, however, darken and lose refractility and rigidity upon germination without obvious associated appendage changes.
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